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(54) SEMICONDUCTOR DEVICE AND ITS PRODUCTION METHOD 



(57) On a first interlayer insulating film 41 , a second 
wiring layer 34 comprising a plurality of wirings 35 with 
concave portions between adjacent ones of the wirings 
35, is superposed. A second interlayer is insulting film 
43 is superposed on the second wiring layer 34. The 
second interlayer insulating film 43 layer 34 is made of 
film producing material, such as CF film, that is unlikely 
to serve as filling due to its intrinsic property. Gasses 
that are used to produce the film producing material un- 



likely to be filling include C 6 F 6 gas, for example, and ion- 
izing the gas into plasma allows the C F film to be formed 
on the wiring layer 34 while inhibiting the CF film from 
filling the concave portions 30. In this way, air gaps 36 
are defined in shapes similar to those of the concave 
portions 30 between the wirings 35. The semiconductor 
device manufactured in such a manner can avoid reduc- 
ing its mechanical strength while capacities between the 
wirings are decreased. 
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which comprises a plurality of wirings and which has 
concave portions formed between adjacent ones of the 
wirings, and forming an insulating film of film producing 
material oh the wiring layer, wherein the step of forming 
the insulating film includes forming the insulating film on 
the wiring layer while inhibiting the film material from fill- 
ing the concave portions between the adjacent wirings, 
so as to create depleted regions within theconcave por- 
tions. 

BRIEF DESCRIPTION OF DRAWINGS 
[0011] 

Fig. 1 is a sectional view showing part of an exem- 
plary semiconductor device according to the 
present invention; 

Fig. 2 is a diagram illustrating steps in an exemplary 
method of manufacturing a semiconductor device 
according to the present invention; 
Fig. 3 is a cross-sectional view showing an exem- 
plary apparatus using plasma in manufacturing the 
semiconductor device according to the present in- 
vention; 

Fig. 4 is a diagram illustrating the steps in relation 
with features of the present invention; 
. Fig. 5 is a diagram illustrating steps of an exemplary 
process of forming a coating film when such a coat- 
ing film is applied to the semiconductor device ac- 
cording to the present invention- 
Fig. 6 is a diagram illustrating the steps in relation 
with features of the present invention; 
Fig. 7 is a diagram illustrating steps of a method of 
manufacturing an alternative semiconductor device 
according to the present invention; . 
Fig. 8 is a diagram illustrating results of a test per- 
formed to observe effects of the present invention; 
Fig. 9 is a diagram illustrating results of a test per- 
formed to observe effects of the present invention; 
Fig. 10 is a sectional view showing part of a semi- 
conductor device employed for explaining the dia- 
gram in Fig. 9; 

Fig. 11 is a diagram illustrating an exemplary meth- 
od of. manufacturing a prior art semiconductor de- 
vice; 

Fig. 12 is a sectional view showing an example of 
air gaps formed in the prior art semiconductor de- 
vice; and 

Fig. 1 3 is a sectional view showing another example 
of the air gaps formed in the prior art semiconductor 
device. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0012] A preferred embodiment of a semiconductor 
device of the present invention will be described with 
reference to Fig. 1 . Fig. 1 is a sectional view showing 
part of the semiconductor device that includes a silicon 
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(Si) substrate 2, an insulating film 21 formed of material 
such as Si0 2 film, and a contact plug 22 formed in ,the 
insulating f ilm 21 and filled with substance sucjh as tung- 
■ sten (W). A first wiring layer 31 is created on an upper 
5 • surface of the insulating film 21 , and the wiring layer 31 
is provided with wirings 32 of aluminum (Al) and deplet- 
ed regions 33 referred to as air gaps which are defined 
(Within concave portions between adjacent ones. of the 
wirings 32. . " . 

10 [0013] The first wiring layer 31 as stated above, has 
its upper surface coated with a first interlayer insulating 
film 41 formed of material, such as CFfilrh. TheCF film 
is unliKely to serve as filling due to its intrinsic property, 
and the interlayer insulating film 41 is provided with 
15 plugs 42 filled with tungsten (W) to connect between the 
wirings .32 in the first wiring layer .31 and wirings 35 in a 
second wiring layer 34 which will be explained below. 
[0014] The first interlayer insulating film 41 has its up- 
per surface coated with the second wiring layer 34, and 
20 the wiring layer 34 has the wirings 35 formed of sub- 
stance such as aluminum (Al) similar to the first wiring 
layer while having air gaps (depleted regions). 36 de- 
fined between adjacent ones of the wirings 35. The sec-, 
ond wiring layer 34 has its upper surface superposed 
25 with a second interlayer insulating film 43 formed of ma- 
terial, such as CF film, that is unlikely to serve as filling 
due to its intrinsic prpperty. The interlayer insulating film 
43 is provided with plugs 44 filled with tungsten (W)-to 
connect with wirings 38 in a third wiring layer 37 formed . 
■ 30 on an upper surface of the interlayer insulating film 43. 
[0015] • The interlayer insulating films will now be de- ' 
scribed in details. In general, interlayer insulating films 
include Si0 2 film, which is approximately 4 in its dielec- 
tric constant, and efforts have been made to obtain ma- 
35 terials having smaller dielectric constants. Such materi- 
als include SiOF film having a dielectric constant of 3.5, 
and fluorinated carbon film (CF film) as mentioned 
above, which has a further smaller dielectric constant, 
may be used for such applications. 
40 [0016] The CF film is made of materia! containing C 
and F, and a mixing rate of C to F can be optionally de- 
termined. For instance, the CF film may be made of mix- 
ture containing 65% of C and 35 % of F. 
[0017] As for an exemplary method of manufacturing 
45 the semiconductor device as mentioned above, a mode 
will be described where the second wiring, layer 34 and 
the second interlayer insulating film 43 are formed over 
the. first interlayer insulating film 41, with reference to 
Figs. 2 to 4. First, the first wiring layer 31. is formed on 
50 the upper surface of the first interlayer insulating film 41 . 
in this situation, as shown in Fig. 2(a), a titanium (Ti) 
layer 51 of 300 angstrom in thickness and a titanium ni- 
tride (TiN) layer 52 of 500 angstrom in thickness are suc- 
. cessively formed one after another on the upper surface 
55 of the first interlayer insulating film 41 . Thereafter, an 
aluminum (Al) layer 3 of 8000 angstrom in thickness is 
formed on an upper surface of the TiN layer 52. In the 
drawings, for the purpose of convenience, the Ti layer 
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concave portions 30. . , 

[0027] At this point, keeping the radio frequency pow- 
er supply 72 deactivated, i.e., withholding bias power 
can prevent plasma ions from being attracted into the 
wafer W during film development, thereby resulting in 
the CF film being more unlikely to serve as filling. With- 
out filling the concave portions 30 in this way, the CF 
film 43 of 8000 angstrom in thickness is created on the 
upper surface of theTiN layer 54, and consequently, the 
air gaps (depleted regions) 36 are defined between the 
Al wirings 35 (see Figs. 2(d) and 4(c)). Subsequently, 
the second interlayer insulating film 43 is etched in pre- 
determined patterns to form the plugs 44 configured of 
grooves filled with the tungsten (W) film. 
[0028] The method ofthe present invention has made 
itself noteworthy in that gasses such as C 6 F 6 gas are 
used to produce films that are unlikely to serve as filling 
due to their intrinsic properties. In this method, the wiring 
layer 34 is prepared in advance, with the concave por- 
tions 30 being defined between adjacent ones of the Al 
wirings; 35, and then, the C 6 F 6 gas. is used to produce 
the CF film which is unlikely to be filling and which serves 
as an interlayer insulating film : overlying the wiring layer 
34. Therefore, as stated above, the CF film is created, 
with the .concave portions 30 kept almost completely un- 
filled with it. This allows the air gaps 36 to be easily cre- 
ated between the . adjacent Al wirings 35, and moreover, 
allows the air gaps 36 to be defined in shapes similar to 
those of the concave portions 30 along the contours of 
them. 

[0029] In other words, selecting the requirements of 
producing the CF film permits the CF film to be created 
without deposition on the bottoms or side : walls of the 
concave portions 30 but with deposition along the upper 
surface of the wirings while the film is closing the upper 
openings of the concave portions 30, and thus, the air 
gaps 36 between the wirings can be closely similar in 
shapes to the concave portions 30 along the contours 
of them. 

[0030] The semiconductor device manufactured in 
the method according to the present invention has re- 
gions left depleted (empty) between the adjacent Al wir- 
ings. Since the regions are in vacuum state, namely, in 
conditions almost meeting the process requirements 
upon film development so as to have a dielectric con- 
stant of approximately 1 , capacities between the wirings 
are small, which is suitable for miniaturization of the 
semiconductor devices. The air gap 36 defined between 
the wirings are in shapes almost similar to those of the 
concave portions 30 along the contours of them. Since 
the air gaps would not extend higher than the wirings, 
there is no risk of sections above the concave portions 
being reduced in mechanical strength, nor is there risk 
of the sections' cracking to give damage against the de- 
vice. 

[0031] In the foregoing mode of the embodiment, al- 
though the CF film is created under the conditions that 
bias power is not applied to make the shapes of the air 
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gaps 36 that are almost similar to those of the concave 

portions 30 along the contours of them. However, the 
same results can be assuredly obtained by . applying 
voltage lower than the normal bias power. 
5 [0032] As has been described, as to the gasses used 
to produce the CF film which serves as the first and sec- 
ond interlayer.insulating films and which is unlikely to be 
filjing due to its property, gasses of compounds contain- 
ing carbon (C) and fluorine (F) may be used/including 
10 C 6 F 5 H (pentafluorobenzene) gas, C 6 H 5 CF 3 (parachio- 
rotoluene) gas, C 4 F 8 gas, C 5 F 8 gas, C 6 F 10 gas, and so . 
forth, as well ^s the abovermentioned C 6 F 6 (hexaflOor- ■ 
obenzene) gas, and especially, compound gasses, such 
as C 6 F 6 gas, C 6 F 5 H gas, C 6 H 5 CF 3 gas, which contain 
15 c and F and have benzene rings, are preferably used. 
. [0033] According to the present invention, the insulat- 
ing film which is formed on the wiring layer with air gaps 
Is not limited to an example of the CF film, but any insu- 
lating film may be used if it is made of materials that are 
20 unlikely to fill the concave portions between the wirings 
due to their intrinsic properties. Such insulating films in- 
clude SiLK film (Registered Trademark by Daw Chemi- 
cal), HSQ (Hydrogen Silsesquioxane) film, MSQ (Me- 
. thy! Silsesquioxane) film, and other coating films having 
25 a low fluidity and a low dielectric constant. 

[0034] An alternative mode of the above-mentioned 
embodiment will now, be described in the context of us- 
ing the coating film, especially, of SiLK film as the first 
and second interlayer insulating films. As shown in Fig. 
30 5(a) ; while the wafer W is retained by a retainer 81 that 
is rotatable in a horizontal direction, coating material 82 
containing SiLK film material and solvent for the film ma- 
terial is supplied to the surface of the wafer W, apd then 
the wafer W is rotated by the retainer 81 in the horizontal 
35 direction, as shown in Fig. 5(b), to diffuse the coating 
material 82 throughout the surface of the wafer W. 
[0035] Next, the wafer W is transferred to a baking ap- 
paratus having a cabinet 83 and a heating plate 83a 
therein, and after resting on the heating plate 83a; the 
40 wafer W is baked, for example, at 140 °C for a prede- 
termined period of time until the solvent is vaporized arid 
eliminated. After that, the wafer W is transferred to a 
heater having a cabinet 84 and a heating plate 84a 
therein. After resting on the heating plate 84a, the wafer 
45 w is cured, for example, at 400 °C for a predetermined 
period of time until the coating 82 is polymerized and 
cured, and thus, SiLK film 8 is created. Also, the curing 
procedure may be carried out in a furnace. 
[0036] As can be seen, the SiLK film 8 is created by 
so coating, the wafer W with the coating material 82, and 
selecting coating requirements, such as increasing sur- 
face tension of the solvent, and/or, rotating the wafer W 
at higher velocity, permits the coating material 82 to dif- 
fuse in such a manner as closing openings of the con- 
55 cave portions 30 between the wirings 35, as shown in 
Fig. 6(a). As a result, the wafer W can be coated with 
the SILK film 8 with the concave portions 30 being hardly 
filled with the coating material (see Fig. 6(b)). Thus, 
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seem, respectively. Under the microwave power of 2.3 
kW and the bias power of 2.0 kW, the film producing 
gasses were ionized into plasma to create the Si0 2 film 
up to 8000 angstrom in thickness over the upper surface 
of the wiring layer while filling the concave portions be- 
tween the wirings without creating the air gaps. 

[Comparison 2] 

[0046] C 6 F 6 gas was used to produce films, and, in 
the above-stated plasma processing apparatus, the 
plasma gasses such as Ar gas was introduced at a flow . 
rate of 150 seem while the film producing gasses suph 
as C 6 F6 gas and CF 4 gas were introduced at flow rates 
of 40 seem and of 20 seem, respectively. Under the mi- 
crowave power of 1 .0 kW and the bias power of 2.5 kW, 
the film producing gasses were ionized into plasma to 
create the CF film up to 8000 angstrom in thickness over 
the upper surface of the wiring layer while filling the con- 
cave portions between the wirings without creatinjg the 
air gaps. 

[Comparison 3) 

[0047] C 6 F 5 CF 3 gas was used to produce films, and, 
in the above-stated plasma processing apparatus, the 
plasma gasses such as Ar gas was introduced at a flow 
rate of 150 seem while the film producing gasses such 
as C 6 F 5 CF 3 gas and CF 4 gas were introduced at flow 
rates of 40 seem and of 20 seem, respectively. Under 
the microwave power of 1 .0 kW and the bias power of 
2.5 kW, the film producing gasses were ionized into 
plasma to create the CF film up to 8000 angstrom in 
thickness overthe upper surface of the wiring layerwhile 
filling the concave portions between the wirings without 
creating the air gaps. . 

[Comparison 4] 

[0048] C 6 F 5 H gas was used to produce films, and, in 
the above-stated plasma processing apparatus, the 
plasma gasses such as Ar gas was introduced at a flow 
rate of 150 seem while the film producing gasses such 
as C 6 F 5 H gas and CF 4 gas were introduced at flow rates 
of 40 seem and of 20 seem, respectively. Under the mi- 
crowave power of 1 .0 kW and the bias power of 2.5 kW, 
the film producing gasses were ionized into plasma to 
create the CF film up to 8000 angstrom in thickness over 
the upper surface of the wiring layer while filling the con- 
cave portions between the wirings without creating the 
air gaps. 

[0049] The results are shown in Fig. 8 where the die- 
lectric constants between the wirings are designated as 
follows; the dielectric constant in the condition that the 
Si0 2 film is embedded between the wirings is denoted 
as e SiG 2 while a relative dielectric property between 
wirings in the assumption that the dielectric constant is 
e in each case is e/e Si0 2 . From the results, it was ob- 



served that, using the CF film as the interlayer insulating 
film as in the Embodiments 1 to 3 and the Comparisons 
2 to 4, the dielectric property e/e Si0 2 was lowerln con- 
trast to a case where the Si0 2 film was used to serve 

5 as the interlayer insulating film as in the Comparison 1 , 
and that, defining the air gaps between the wirings as 
in the Embodiments 1 to 3, the dielectric property e/e 
Si0 2 was significantly lower in contrast to a case where 
the interlayer insulating film was embedded between the 

10 wirings. 

[0050] At the .same time, it was also observed in the 
Embodiments i to 3 and the Comparisons 2 to 4 that 
even, if the same fiim producing gasses were used, 
change in the film developing conditions allowed the CF 
is film to alter an amount of deposition in the concave por-. 
tions between the wirings so as to control the procedure 
to make it an option if the air gaps were to be formed or 
not to be. 

[0051] Similarly, SiLK film, HSQ film, and MSG film 
20 were used for carrying out the similar experiments : and 

it was observed that the dielectric property between wir- 
, ings e/e Si0 2 was approximately 0.3 in any case to form 

the air gaps while it was approximately 0.75 in any case 

to fill the gaps between the wirings with the interlayer 
25 insulating film, and it is also observed that creating the 

air gaps caused the dielectric property between wirings 

£/e Si0 2 to be reduced, 

[0052] Additionally, in order to determine how the 
change in the types and film development conditions of 

30 the interlayer insulating film could affect shapes of the 
air gaps, the wiring layer provided with the Al wirings of 
8000 angstrom in height and 6000 angstrom in w ( idth at 
intervals of 4000 angstrom between the adjacent wir- 
ings was further superposed with varied types of the in- 

35 terlayer insulating films of 6000 angstrom in thickness 
under varied film developing conditions so as to observe 
the development of the air gaps between the wirings. 
The conditions of the film development are defined as 
follows. 

40 

[Example 4] 

[0053] C 6 F 6 gas was used to produce films, and, in 
the above-stated plasma processing apparatus, the 

45 plasma gasses such as Ar gas and C 6 F 6 gas were in- 
troduced at flow rates of 90 seem and of 40 seem, re- 
spectively. Under the microwave power of 2.0 kW and 
the bias power of 0 kW, the C 6 F 6 gas was ionized into 
plasma to create the CF film up to 6000 angstrom in 

so thickness over the upper surface of the wiring layer. 

[Example 5] 

[0054] C 6 F 6 gas was used to produce films, and, in 
55 the above-stated plasma processing apparatus, the 
plasma gasses such as Ar gas and C 6 F 6 gas were in- 
troduced, at flow rates of 90 seem and of 40 seem re- 
spectively. Under the microwave power of 2.0 kW and 
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produce plasma, may be used. 

[0066] As has been described, according to the 
present invention, a semiconductor device is provided, 
with depleted regions being defined between wirings to 
reduce capacities therebetween, wherein the depleted 
regions can be created in shapes similar to those of con- 
cave portions between the wirings along the contours of. 
them, so that the semiconductor device can maintain 
mechanical strength at the portions associated with the 
depleted regions while reducing capacities between wir- 
ings. Furthermore, the semiconductor device can be 
manufactured in a simplified procedure, with the deplet- 
ed regions being defined in the shapes similar to those 
of the concave portions between wirings along the con- 
tours of them. 



Claims 

1. A semiconductor device, comprising: 

a wiring layer comprising a plurality of wirings 
so as to form concave portions being defined 
between adjacent ones of the wirings, and an 
insulating film made of film producing material, 
wherein the film producing material of said in- 
sulating film is adapted to define depleted re- . 
gions within the concave portions while inhibit- 
ing itself from filling the concave portions in the 
wiring layer. 

2. The semiconductor device as defined in claim 1, 
wherein 

the film producing material of the insulating 
film comprises fluorinated carbon. 

3. The semiconductor device as defined in claim 1, 
wherein the film producing material of the insulating 
film comprises coating film. 

4. The serhiconductor device as defined in claim 1, 
wherein 

there is given 

0 ^ Ha/Hbx 100 ^ 6 

where Ha is a distance from upper surfaces of the 
wirings to the highest levels of the depleted region- 
ss, and Hb is a height of the wirings. 

5. The semiconductor device as defined in claim 1 or 
4, wherein 

there is given 

0 ^ Wa/Wb x 1 00 ^ 5 



• < where Wa is the minimum distance between outer 
side surfaces of the wirings and the depleted, re- 
gions, and Wb is a width of the concave portions. 

• ♦ * ' - " 

s 6. The semiconductor device as defined in claim 1 , 
wherein . 

TiN layer/Ti layer is interposed between the 
i wiring layer and the insulating film: : 1 

10 7. The semiconductor device as defined in claim .6, 
wherein 

sealing layer comprising an SiN film; an Si0 2 : 
film, or SiC film is interposed between the TiN layer/ 
, Ti layer and the wiring layer. 
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8. A method of manufacturing a semiconductor de- 
vice, comprising. the steps of: 

forming a»wiring layer over a substrate, the wir- 
ing layer beirtg comprising a plurality of wirings, 
with concave portions being defined between 
adjacent ones of the wirings; and 
forming an insulating film of a film producing 
material on the wiring layer, 
wherein, the step of forming the insulating film 
including forming the insulating film on'the wir- 
ing layer wrjile inhibiting the film producing. ma- 
teriaifrom filling the concave pdrtions between 
the adjacent wirings, so as to define depleted 
regions within the concave portions; 

■ ... i 

9. The method as defined in claim 8, wherein 

the step of forming the insulating film on the 
wiring layer includes using fluorinated carbon film 
which is a compound of carbon and fluorine and 
which is unlikely to be filling due to its intrinsic prop- 
erty, to serve as the film producing material. 

10. The method as defined in claim 9, wherein 

the step of forming the insulating film on the 
wiring layer includes using fluorinated carbon film 
which has a benzene ring and is a compound of car- 
bon and fluorine and which is unlikely to be filling 
due to its intrinsic property, to serve as the film pro- 
ducing material, 

♦ 

11. The method as defined in claim 10, wherein 

the fluorinated carbon film contains hexafluor- 
obenzene. 

12. The method as defined in claim 8, wherein 

the step of forming the insulating layer on the 
wiring layer includes using a coating film to serve 
as the film producing material. 

13. A method as defined in claim 12, wherein 

the step of forming the insulating layer on the 
wiring layer includes using a SiLK film to serve as 
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